Abstract-In the present paper, a dual frequency resonance antenna is achieved by introducing half U-shaped slot in semicircular disk. It is analysed by using circuit theory concept. The resonance frequency is found to be 1.50 GHz and 2.32 GHz, and the bandwidth of the proposed antenna for lower and upper resonance frequency is found to be 5.96% and 11.08% respectively. It is found that the resonance frequency depends inversely on the slot length and feed point, while it increases with increasing the slot width and coaxial probe feed radius. The frequency ratio is found to be 1.54. The theoretical results are compared with IE3D simulation as well as reported experimental results, and they are in good agreement.
INTRODUCTION
The increasing use of wireless communication system demands antennas for different systems and standards with properties like compact, broadband and multiple resonant frequencies. In wireless communications, different systems and standard frequency bands are located, two of which are Global positing system (GPS) and Bluetooth. When a microstrip patch antenna is loaded with reactive elements such as slots [1] [2] [3] , stubs or shorting pin [4] [5] [6] , it gives tunable or dual frequency antenna characteristics.
A slot antenna has special advantage because of its simple structure, such as wider bandwidth, less conductor loss [7] [8] [9] [10] [11] . A probe feed microstrip antenna with an internal U-shaped slot having large impedance bandwidth with broad side radiation pattern is reported [12, 13] .
Here we have proposed new patch antenna configuration that can have dualband operation. The proposed antenna is semicircular half U-slot loaded patch that provides a significant size reduction and large impedance bandwidth with broad side radiation pattern. Dual frequency is tuned by changing the dimensions of the slot. A parametric study has been carried out using the circuit theory concept by varying the length, width of the slot, feed location and probe radius. Various antenna parameters are calculated as a function of frequency for different value of slot length, width, feed point and probe radius. Figure 1 shows the side and top view geometries for the proposed antenna with current distribution. Analysis of the half disk patch antenna is similar to that of circular disk patch, but the effective radius changes due to 50% reduction in size. The resonance frequency of half circular disk patch is given as [14] 
CONFIGURATION AND ANALYSIS
where k nm is the mth zero root of the derivative of Bessel function of order n; c is the velocity of light; and ε e is the effective dielectric constant of the substrate [15] . a e effective radius of the half disk patch is given as
A half circular disk patch is analyzed by supposing it equivalent to a rectangular patch with dimensions L × W [16] , where L = 2a and W = πa 4 . The effective radius a e of the half disk is calculated by equating the area of half disk to the expanded rectangular patch with dimension (L e × W e ), where L e and W e are effective length and width of the rectangular patch and can be calculated by [16] . The equivalent circuit of the half circular disk patch is shown in Fig. 2 in which the circuit parameters, i.e., resistance (R 1 ) inductance (L 1 ), and capacitance (C 1 ) are calculated by [15] .
in which L = length of the rectangular patch W = width of the rectangular patch x 0 = feed point location along length of the patch h = thickness of the substrate material and Figure 3 . Equivalent circuit of semicircular disk patch due to effect of notch.
where c = velocity of light f = design frequency ε e = effective permittivity of the medium which is given by [16] ε e = ε e + 1 2
where, ε e = relative permittivity of the substrate material. The analysis of the proposed antenna is classified in two parts.
Analysis of Slot Loaded Semicircular Disk Patch Antenna
When the slot is embedded in the patch, having dimension (L S × W S ), it can be analysed by using the duality relationship between the dipole and slot [17] . The radiation resistance of slot on the half disk patch can be given as
which yields
in which C is Euler's constant = 0.5772 and S i and C i are the sine and cosine integrals defined as
Now the total input impedance of the slot can be given as [18] .
4Z cy (6) in which η 0 = 120π and
where, R r is the real part and equivalent to the radiation resistance of slot and X r is the input reactance of the slot and given as [17] .
Ls in which L S , W S are length and width of the slot.
Analysis of Notch Loaded Semicircular Patch Antenna
When the notch is incorporated in the half disk patch (L n × W n ), two currents flow in the patch, and one is the normal patch current and resonates at the design frequency of the initial patch. However, the other current flows around the notch resulting in the second resonance frequency. Discontinuities due to notch incorporated in the patch are considered in terms of an additional series inductance (∆L) and series capacitance (∆C) that modify the equivalent circuit of RMSA as shown in Fig. 3 , in which series inductance (∆L) and series capacitance (∆C) can be calculated as [19, 20] .
L n = depth of the notch C g = gap capacitance and is given by [21] . The value of resistance R 2 after cutting the notch is calculated by [22] . It may be noted that the two resonant circuits, one of which is the initial RLC of the half disk patch and shown in Fig. 2 and the other one is after cutting the notch (Fig. 3) , are coupled through mutual inductance (L m ) and mutual capacitance (C m ). Thus the equivalent circuit of the notch loaded patch antenna can be given as shown in Fig. 4 .
Hence the total input impedance of proposed antenna can be calculated from Fig. 5 as
where
where Z patch is the input impedance of the microstrip patch antenna can be calculated from Fig. 2 as
where L m and C m are the mutual inductance and mutual capacitance between two resonant circuits and given as [21] .
and Q 1 and Q 2 are quality factors of the two resonant circuits. Now using Equation (7) one can calculate the various antenna parameters for the proposed antenna, such as reflection coefficient, VSWR and return loss.
The reflection coefficient of the patch can be calculated as -
where Z 0 = characteristic impedance of the coaxial feed (50 ohm)
and Return loss = 20 log |Γ| (13)
RADIATION PATTERN
The radiation pattern for half U-slot loaded semicircular disk patch antenna is calculated as [22] 
DESIGN SPECIFICATIONS

RESULTS AND DISCUSSION
The comparative plot of variation of return loss with frequency for half U-slot loaded semicircular disk patch antenna is shown in Fig. 6 along with experimental [23] and simulated results using IE3D [24] . From the figure, It is observed that the antenna resonates at two frequencies (f r 1 = 1.50 GHz, f r 2 = 2.32 GHz, simulated f r 1 = 1.49 GHz, f r 2 = 2.29 GHz) and −10 dB bandwidth is found to be 5.96% for lower resonance whereas it is 11.08% for higher resonance frequency (simulated 5.03% and 11.15%). Frequency ratio of upper to lower resonance frequency is found to be 1.54 (simulated 1.53). The theoretical results are in good agreement with simulated and experimental results. It may be mentioned that both theoretical and simulated results for bandwidth are in good agreement at upper resonance frequency with experimental results whereas there is slight deviation at lower resonance frequency. Figures 7 and 8 show the variation of return loss with frequency for the different value of slot length and slot width. From Fig. 7 , it is found that lower and upper resonance frequency shifts towards lower side as the slot length increases and the bandwidth at both frequencies decreases as shown in Table 2 , while for increasing the slot width slight variation in upper and lower resonance frequency is observed i.e., higher resonance frequency shifts to higher side and lower resonance frequency shifts to lower side and the bandwidth for different slot width are shown in Table 3 . It is found that at lower resonance frequency the bandwidth depends inversely on the slot width whereas at upper resonance frequency the bandwidth depends directly on the slot width.
The variation of return loss with frequency with feed point and probe radius is shown in Fig. 9 and Fig. 10 . It is observed that for increasing the value of feed position, higher resonance frequency shifts towards the lower side whereas the lower resonance shifts slightly to higher side and bandwidth at both the resonances decreases as shown in Table 4 , while with increasing probe radius both the resonance frequencies are shifted to higher resonance side and the bandwidth for different probe radii are shown in Table 5 . It is observed from the table that bandwidth both at lower and upper resonance frequency depends directly on probe radius. Figures 11 and 12 show the variation of frequency with slot length and slot width and it is observed that both lower and upper resonance frequency decreases for (1.55 GHz to 1.43 GHz and 2.44 GHz to 2.17 GHz) for different value of slot length while the upper resonance frequency increases (2.21 GHz to 2.34 GHz) and lower resonance frequency decreases (1.58 GHz to 1.45 GHz) with increasing the slot width. Figures 13 and 14 show the variation of frequency with different values of feed position and probe radius and it is observed that the upper resonance frequency decreases (2.32 GHz to 1.93 GHz) and the lower resonance frequency (1.50 GHz to 1.64 GHz) slightly increases with increasing the value of feed position, while the value of upper and lower resonance frequency both increases (2.21 GHz to 2.44 GHz and 1.46 GHz to 1.55 GHz) with increasing the probe radius. Figures 15 and 16 show the ratio of resonance frequencies f 2 /f 1 for different value of slot length and slot width. It is observed that the ratio of frequency decreases with increasing the value of slot length, while it increases with increasing the slot width. Figures 17 and 18 show the ratio of resonance frequencies f 2 /f 1 for different value of feed point and probe radius. It is found that the resonance frequency decreases with increasing the feed position, while it increases with increasing the probe radius.
From Fig. 19 , it is found that the radiation pattern of the proposed antenna shows close agreement with the simulated results at both the resonance frequencies except in the off-beam directions and the directivity at higher resonance frequency is less as compared to lower resonance frequency. Figure 19 . Radiation pattern for lower and upper resonance frequency of half U-slot loaded semicircular disk patch antenna.
CONCLUSION
From the analysis it is concluded that compact half U-slot loaded semicircular disk patch antenna can operate at two resonance frequencies 1.50/2.32 GHz and useful for various applications. The resonance frequency is highly dependent on the slot dimensions as well as probe radius and feed locations.
